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Measuring V¢, from meson decays

IVeb| is currently measured from tree-level semi-leptonic B decays,
either exclusive B — D) ¢ v or inclusive b — ¢ transitions, B — X. { v.

At present the [Vep| extraction from inclusive vs. exclusive decays are in tension.
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INndependently on this tension, the extraction o

Vb from semileptonic B decays

S already limited by systematics:

Selle-ll detector performance.



A more direct measurement

CKM

T —a &
. \X/+ i%“”‘da D ‘%[\Xjﬂ ML A X/A JL + b()

BW~™ — u;dj) =~ 5|Vi;|°’B(W~ — hadrons)

—> —  [Vep]
B(W~ — hadrons) = (67.41 +0.27)%

—xtracting CKM elements directly from on-shell W decays could provide:
1) A completely independent measurement of a crucial input for flavour physics.
2) A measurement independent from Lattice QCD inputs: a possible benchmark for LQCD?

3) Away to improve the precision beyond the one from semileptonic B decays. Quantify?



The scope

Assuming ~108 W pairs and a “perfect jet flavour tagger”, the statistical precision

achievapble in each CKM ME would be:

W— — ud us ub cd CS cb
BR 31.8% 1.7% 4.5 x 1076 1.7% 31.7% | 5.9 x 104
Ny 64 x 10° | 3.4 x 10° 900 3.4x10°% | 63 x10° | 118 x 10°
5%};. 0.0063 % | 0.027 % 1.7 % 0.027 % | 0.0063 % 0.15 %

see [2401.07564] 0.0063% 0.15%

- Vep and Ves: good statistical prospect, good tagging

- Vup: poor statistics, poor tagging (no hope)
- Others: good statistics, poor tagging

We focus on V¢ and Vs

V.. Current

& (PDG)
Ves 0.975 % 0.006 (0.6%)
V| (40.8+£1.4) x 1073 (3.4%)
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Jet Flavour Tagging

Exquisite jet flavour tagging performance at FCCee
edp : probability of tagging a 3-jet as a g-jet
FCC (IDEA) working point

[Bedeschi, Gouskos, Selvagg 2202.03285 + updates 1, 2]
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Exquisite jet flavour tagging performance at FCCee

jet misid. probability

jet misid. probability
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Precise calibration thanks to ~1012 Z decays (R, method [hep-ex/9810002])
allows 0(0.1%) precision in the jet tagging efficiencies.

The impact of the extrapolation of these jet tagging from the Z-pole run
up to the WW threshold should be carefully assessed.
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First estimates

Using BDT-based ILD jet-tagging | o c uds
performances as a reference Eff b-jet tagger 25% §Vc p = 0.4%

[Charles et al 2006.04824] Eff c-jettagger 10% 50% 2%



Using BDT-based ILD jet-tagging
performances as a reference

(Charles et al 2006.04824]

Revised using with optimized GNN-baseo
IDEA performance data

S. Montell [7th FCCee Physics Workshop 2024 slides|

First estimates

Eff b-jet tagger
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Using BDT-based ILD jet-tagging
performances as a reference

(Charles et al 2006.04824]

Revised using with optimized GNN-baseo
IDEA performance data

S. Montell [7th FCCee Physics Workshop 2024 slides|

First estimates

b C uds
Eff b-jet tagger 25% 5Vcb ~ 0‘40/0
Eff c-jettagger 10% 50% 2%

relative precision on Vcb

g ———————— g Py

~ —0.0035
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Questions: \Vhat are the prospects for V¢s?

ow do they depend on systematic uncertainties?

DM, Szewe, Tammaro 2405.08880]

5Vcb — 0.15%
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Strategy

Fach W — uid; depends on B.. V.. |?

CKM elements as Y~ / >
normalised with hadronic Br to

( Bhad Zl=u c;m=d,s,b ‘ Vlm ‘

reduce QCD uncertainties) G5 S
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Including acceptance, the expected
fraction of events per channel is:

Fz'j — AW X Bij
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we neglect the mis-palirings in this analysis
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Including acceptance, the expected
fraction of events per channel is:

Fij = Aw X Bi;
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Strategy
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| Vi

Including acceptance, the expected
fraction of events per channel is:

Fach W — u;d; depends on B..
CKM elements as Y
(normalised with hadronic Br to Bhad

reduce QCD uncertainties)

We study WW — 4-jets:
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we neglect the mis-palirings in this analysis

2
leu,c; m=d,s,b ‘ Vlm‘ sz — AW X BZJ

Example for Vep:

~or each pair of jets W = JA B in an event we
count the number of jets tagged as b and c:

(nb9 nC) — {(O’ O)’ (1’ 0)7 (07 1)’ (2’ O)’ (Of 2)7 (17 1)}

Fach of this “bin" has a probability Py rnp, n.).
t depends on Fjj and tagging efficiencies.
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Strategy

2
| Vi

Including acceptance, the expected
fraction of events per channel is:

Fach W — u;d; depends on B..
CKM elements as Y
(normalised with hadronic Br to Bhad

reduce QCD uncertainties)

We study WW — 4-jets:
ete” > WTW ™ — (UZJ]) (dkﬂz)

) A
1 ),
e e’
- . &
)9; )4

IMAB ~ INw

we neglect the mis-palirings in this analysis

Z [=u,c; m=d,s,b

2
| Vim | Fz'j — .AW X Br,;j
Example for Vep:

~or each pair of jets W = JA B in an event we
count the number of jets tagged as b and c:

(nb7 nC) — {(07 0)7 (]" 0)7 (07 1)’ (2’ O)’ (O» 2)7 (]‘7 1)}

Fach of this “bin" has a probability Py rnp, n.).
t depends on Fj and tagging efficiencies.
Each event has 2 pairs, so we have two sets of bins:
Bbc;l - (nb;la nc;l) Bbc;2 = (’%;2, nc;2)

The final number of expected events in each counting bin is:

NBbc;laBbc;Q = Nww PW(BbC;l) PW(BbC;Q)
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Systematics

The final number of expected events in each counting bin Is:

NBbc;laBbc;z = Nww PW(BbC;l) Py (BbC;Q)
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Systematics

The final number of expected events in each counting bin is:

NBbc;laBbc;Z = Nww PW(BbC;l) Py (BbC;Q)

The probability Py(np, n:) depends on Fjj and
the tagging efficiencies

Py(L,1)= ) > (cheq +ecg)BiAw ,

Ui =1, dj =d,3,b

Pw(0,2)= > > € €q By Aw ,

u; =1, d; =d,s,b
7 ’

Pw(2,0)= > > €€ ByAw,

U=, d;—=d,s,b
2 ’

Pw(0,1)= > 3 (5. (1—€§ —€h)+eg(1—€, —€))BijAw

U;=U,C dJ =d,3,b

Pw(1,0) = Z Z (cp (1 - €4, — ng) + ng(l — ¢, — €,))BijAw

Ui =15, dj =d,s,b

Pw(0,0)= 3 > (-« — )1 —c§ —cg)BiAw ,

=11, d;=d,s,b
7 p)
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Systematics

The final number of expected events in each counting bin is:

NBbc;l,Bbc;z = Nww PW(BbC;l) Py (BbC;Q)

The probability Py(np, n:) depends on Fjj and
the tagging efficiencies Tagging efficiencies

Py(L1) = > > (ceq +eocq)BijAw qu}

Ui =1u,cd; =d,s,b
7 ?

Pw(0,2) = €y, €q. Bij Aw | : :
Z:d,gd:sb o To each we assign a relative uncertainty (equal for all)

Pw(2,0)= > > €€ ByAw,
ui=u,c d;=d,s,b —
i~ b | 0e = 0€/€
Pw(0,1)= > D> (e (1—€§ —€))+eq,(1— €, — € )BijAw ,

u=u,c d;=d,s,b

Pw(1,0) = Z Z (< (1- €q, — cgj) + cgj(l — & — & ))BiAw

U5 =L, dj =d,s,b
Pw(0,00= > > - &)1 — b )BAw ,
wi=1,d;=d,s,b
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Background

* The main background to the signal is due to the jet mistagging from VWAV > 4j events. This is included in the mistag rates.

10
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* Another 4-jet background can arise from Drell-Yan: ete- — gq + 2j mjiiz & mj3j4 = mwy

We simulate it with:  p}, > 5 GeV, n; <2, AR;; > 0.1 + select events which have  (m12, m34) within 5 GeV of mw
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095 fb — negligible
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O4j—my ~ 199 1b  ofwhich
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Background

* The main background to the signal is due to the jet mistagging from VWWW > 4} events. This is included in the mistag rates.

* Another 4-jet background can arise from Drell-Yan: ete- — gq + 2j mjiiz & mj3j4 = mwy

We simulate it with:  p}. > 5 GeV, n; <2, AR;; > 0.1 4 select events which have  (m12, ms4) within 5 GeV of myy

2

158 fb — dominant category

095 fb — negligible

O2q2g
O4j—my ~ 199 1b  ofwhich

X

O 4q

The flavour decomposition of the two pairs of jets is the following (2g2g category):

W (dd) (ss) (bb) (uuw) (cc) (dg) (59) (bg) (ug) (cg)
W, (99) (g9) (g9) (g99) (99) (dg) (sg) (bg) (ug) (cg)

o |fb] 14 14 69 20 22 15 15 87 19 22
Ny, [10°] | 1.7 17 083 24 27 18 18 11 23 16

Very small mistag rates of a gluon-jet
into a b- or c-jet: 0.007 and 0.01

We checked that the impact on
CKM extraction is negligible.

10
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B;;
Bhad

SM corrections

O _ \/EGFNC Z K(

24

marke i1

4
W _ @
rhad_r“{uz

=1

| V;°
4]

NN/

~ P
zl=u,c; m=d,s,b ‘ lm‘

) (L e

’ 2my —mg —mg —

m., ‘ ) mw

(1)
Cocp

.\
i (_) + (Sewk(a) + 5mixed(a'(ls)}
(4

mostly cancel in this ratio:
small kinematical effects, could be easily taken into account.

]'Vtﬂz Hadronic width can be computed at N3LO, used to extract precise value of as(mw).
le.g. d'Entrerria, Srebre 1603.06501 + d’Entrerria, Jacobsen 2005.04545]
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SM corrections

ny
ny

Bhad

2 2 2 2 _m2 2
o _ V2GeN. 3 (e mom ) [2m i e~ ")
247 m, v i

marke

4 .

i @\’

Ff\?:l § = o {] + 052 )CD . (;“) + Oewk (@) + 5mixed(a'a's)}
i=1

Color reconnection can aflect the hadron distribution in the

WW — 4 process.

ts understanding is crucial for a precise my measurement:
modelled in showering algorithms.

Gustafson, Pettersson, Zerwas '88, Sjostrand and Khoze '93,
Christiansen and Sjostrand [1506.09085]

We assume any related systematic uncertainties can e
“described" by the systematic uncertainties
associated to the jet tagging efficiencies.

Open question: what is the impact of this in CKM extraction?

QCD and EW corrections mostly cancel in this ratio:
2 . . . .
Z I o med s b \ Vlm ‘ small kinematical effects, could be easily taken into account.

q m? ]IV‘-"2 Hadronic width can be computed at NSLO, used to extract precise value of as(mw).
le.g. d'Entrerria, Srebre 1603.06501 + d’Entrerria, Jacobsen 2005.04545]

W*W-—>ud+du

=W
=|

d e "
d a

color reconnection
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Results

Fixing the efficiencies working point at the FCC (IDEA) one.

Parameter Value
| ‘ Nww 3 x 108
d ' Br(W — had)  0.6741
Br(W — fv) 0.3278
< L A 0.9
Q %4 ,
< 0.50
Sj
== 0.10} he precision on saturates at per-mille level of
—~ ; - . . .
= 0.05} systematic uncertainties, due to limited statistics.
0.01. Vs instead is never statistically limited for any
T | DM, Szewe, Tammaro 2405.08880) reasonable value of systematic uncertainties.
0.001 0.01 0.1 1
o€e/e (%)

Considerable improvement in Vep and Ves extraction compared to present (and future) measurements are expected,
for any systematic uncertainty below the 1% level.
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Results

Fixing the efficiencies working point at the FCC (IDEA) one.

Parameter Value
0985 ) Nww 3 x 108
o : Br(W — had) 0.6741
0.980/ Br(W — fv) 0.3278
_ Aw 0.9
80975 ):.'PDG '
\ A Current FCC-ee FCC-ee
0.970 - aun (PDG) (0e =1%) (6 = 0.1%)
Ves 0.975 £+ 0.006 (0.6%) 0.36% 0.05%
V| (40.8£1.4) x 1073 (3.4%) 0.52% 0.16%
0965 | o T 2402.08880)] 1
0.039 0.040 0.041 0.042 0.043
Vel

Considerable improvement in Vep and Ves extraction compared to present (and future) measurements are expected,

for any systematic uncertainty below the 1% level.
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Dependence on the working point
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— Statistics only

— 1% Systematics ¢ FWP

— 0.1% Systematics

Veo: @ ~ linear dependence on gb, and g¢. for small syst.,

less for 1% syst.

e |/mportant a good rejection of light jets from
b-tagger

® | 0oser rejection for the c-tagger acceptable

(since If the b is tagged correctly, the only alternative
decay is W= ub, which is very rare)

Ves: @ With systematics, the sensitivity is driven by the
s-tagger (&ss and €5ud0).

® C-tagging performance less critical.
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Semileptonic channel

The semileptonic channel pays the price of smaller leptonic W branching ratio.
On the other hang, it is free from Drell-Yan background and color reconnection effects.

A recent paper performed a full detector simulation to obtain the extraction of [Veb| from semileptonic events.

lLiang, Feng-Li, Zhu, Schen, Ruan 2400.016/75]
eb,~91%, b~ 4%, ebsgu~ 0.5%

Unpol.(5 ab™)
Unpol. (20 ab™1)

B ' L.
e I3 inclusive
Unpol. (5 ab D+ WW cxclusive |
Unpol. (20 ab~H)+ W ————
Pol. (0.5 ab™") .
Optimlistic
Pol. (2 ab™") —

|
Conservative |

0.038 0039 0040 0041 0042  0.043
IVcbl

oVer = £0.34%(stat.) £ 0.2 - 1.5 % (syst)

The largest source of uncertainty is determined as the one associated to flavour tagging (and mistagging rates) of b/c jets.
15
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Conclusions and Outlook

Conclusions:

- Veb and Ves measurement from W decays should clearly be an important goal in flavour physics at
future ete- colliders

- The prospects are well beyond anything possible via meson decays (ultimately limited by QCD

uncertainties): one order of magnitude improvement.

- This will permit the full exploitation of New Physics sensitivity from rare flavour-changing processes
(looth from Higgs/EW factories and from legacy flavour factories).

0.985

0.980

Open questions:

- Review of the state-of-the-art Flavour Tagging (FT) 5 0975 :PDG ©
algorithms (detector requirements?) | /
- F1 calibration methods and related systematics. |
- Full simulation study for the WW — 4j channel. P S S s

16
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Extra
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Measuring Vcs from meson decays

IVcs| is currently measured from tree-level leptonic Ds or semi-leptonic D decays.
—xperiments: Belle, CLEO-c, BABAR, BESII

D pY. T \es] - 0,98 20,00 bua—b < % Ves| = 0,972 4 0,00
,\_ La’(?‘(e & C b Mostly experimental uncertainty 5_+ (0): Ld'Ht(O &CB
Ds - ‘

st — (249.9 T 0.5) MeV

mostly form factor uncertainty

FPE(0) = 0.7385 4 0.0044

PDG average:

V.s| = 0.975 & 0.006
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Statistical procedure

NBbC;l,Bbc;g (Ma V) = Nww H Zp(nb;i: nc;z"fa V)Ff(ﬂ'a V)
=12 f

F — {ud, us. ub, cd, cs. cb) \ probability that the final state T goes in the bin (Nb, Ne)

Let us define the probabllity that each hadronic VW decay goes in the bin (np, Ne):

PW(le, nC) - Zp(nba nC‘fa V)Ff(ua V)

NBy..,,By... = Nww Pw (Bac;1) Pw (Bbpe;2)

) _ c b b ¢ . , . . . . .
Fw(L,1) :ng b(ﬁ“"‘edﬂ' +€wea,) B Aw The likelihood is then given by (Gaussian approx):
Py (0,2) = Z Z €u €2, BijAw rA :
ui=u,c d;=d,s,b (A Bbc 1 Bbc ]\Bbc 1 Bbc ) 2
Py (2,0) Z Z 5 Ed BijAw , —2 ]'n ‘C — Z : N Xtag
wi=u,c d;=d,sb Bye:1: Bbe:2 Byc;1,Bpe;2
Pr01)= 37 37 (€,(1— e — i) +ei,(1— i, — ) Bydw ,
wi=u,c d;=d,sb ‘ q ~q \ 2
Py-(1,0) = Z Z (1 — €, — ci}j) + b (1 — ¢ —¢ ) BijAw XQ _ E : E ' 6/3 6/9
wi=u,c d;=d,s,b tag 5(:6%
Z Z 1— ¢ — C (1 . C . Cd ) szVi (]Ih,(ﬁ [)’:b,s,c,u,d,g |

Uy =U, cd =d.s.b
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